Antiserum to mannophosphoinositides had a significant inhibitory effect on phospholipid synthesis in Mycobacterium smegmatis ATCC 607 at different phases of growth; however, the inhibition was more pronounced in the exponential phase. The rate of synthesis of total phospholipids and individual phospholipids, viz., cardiolipin, phosphatidylethanolamine, and mannophosphoinositides, decreased in the presence of antiserum as compared with normal serum. The maximum inhibitory effect of antiserum was exerted on the synthesis of mannophosphoinositides, particularly on tetraacylated dimannophosphoinositide. Antiserum also had a growth inhibitory effect as compared with normal serum.
Antiserum to mannophosphoinositides had a significant inhibitory effect on phospholipid synthesis in Mycobacterium smegmatis ATCC 607 at different phases of growth; however, the inhibition was more pronounced in the exponential phase. The rate of synthesis of total phospholipids and individual phospholipids, viz., cardiolipin, phosphatidylethanolamine, and mannophosphoinositides, decreased in the presence of antiserum as compared with normal serum. The maximum inhibitory effect of antiserum was exerted on the synthesis of mannophosphoinositides, particularly on tetraacylated dimannophosphoinositide. Antiserum also had a growth inhibitory effect as compared with normal serum.
Immune serum has been known to possess bactericidal properties by affecting vital processes, viz., membrane permeability and cellular metabolism in Escherichia coli (4, 9, 21) , and by suppressing the viability of bacterial cells, particularly Mycobacterium phlei (13) . The importance of mycobacterial lipids in immune response was realized with the detection of antibodies to mycobacterial phospholipids in tuberculous patients (27) . Later, the antigen involved in the serological reactions was identified as mannophosphoinositides (26) and was shown to be immunogenic in experimental animals (19) . The other constituents of mycobacteria with potential antigenic activity are cord factor, mycosides, mycoloylarabinogalactane (11) , and sulfolipids (18) .
Studies on the antigenicity of phospholipid and glycolipid antigens revealed the association of antigenic specificity with the polar head group of the antigen (6, 16) , which is also true for mannophosphoinositides of mycobacteria (3). Mannophosphoinositides, being the components of cell wall and cell membrane of mycobacteria (2, 10) are expected to be accessible to their antibody in the surrounding medium. Thus, an understanding of the events which result from the interactions of serum factors with the mycobacterial cell surface may provide some insight into the events which occur before phagocytosis and into the ultimate fate of the bacterial cell in vivo. In view of the diverse roles elaborated by mannophosphoinositides, the effect of antiserum to mannosides on the synthesis of macromolecules, viz,. phospholipids, in Mycobacterium smegmatis ATCC 607 was examined.
MATERIALS AND METHODS
The culture source, growth conditions of M. smegmatis ATCC 607, and the methods employed for extraction and quantitation of phospholipids have been detailed elsewhere (28) . Total mannophosphoinositides were separated and purified by resolving the lipids on Silica Gel G plates with chloroform-methanol-7 N ammonia (65:25:4) (vol/vol/vol) as the developing solvent. For the isolation of bulk amounts of mannosides, the dry column chromatography technique of Vishwanathan and Leley (29) was applied.
Preparation of antigen and immunization. Mannoside-bovine serum albumin complexes were prepared by the procedure of Inoue and Nojima (14) . Rabbits weighing 1.5 to 2.0 kg were immunized with mannoside-methylated bovine serum albumin complexes suspended in Freund incomplete adjuvant (19) . Each rabbit was injected with about 2.5 mg of lipid phosphorus of the lipid antigen. The rabbits were bled by cardiac puncture, and separated serum checked for the presence of antibodies to mannosides (19) . Serum was decomplemented by incubation at 56°C for 30 min.
Phospholipid metabolism. Exponential-phase (4-dayold) and stationary-phase (7-day-old) M. smegmatis cells were harvested by filtration and suspended into fresh medium (the phosphate of the medium was replaced by Tris in 32P experiments). Cells were incubated for 2 h at 37°C with constant shaking, decomplemented normal and immune sera were added to the respective flasks, and the incubation was continued for 1 h. At the end of the incubation, carrier-free 32p (500 ,uCi/g of cells per 10 ml of medium) of [2- 3H]myoinositol (10 continued for various time periods. Processing of the cells and radioactivity of the various lipid components were as described earlier (28) .
Growth studies. Decomplemented mannoside antiserum and normal rabbit serum were diluted with Youman's medium under sterile conditions. Normal rabbit serum served as a control. The diluted serum was inoculated with a 1-day-old inoculum of M. smegmatis and incubated at 37°C for 5 days. At lamine, and mannophosphoinositide (Fig. lb, c,  and d) , was also significantly reduced in mannoside antiserum-exposed cells as compared with normal rabbit serum-exposed cells. However, maximum inhibition was noted in total mannosides. Among the individual mannosides (Fig.  2) , 80% inhibition was evident in tetraacylated dimannophosphoinositides in mannoside antiserum-incubated cells, followed by hexamannosides, which were inhibited by 57% as compared with normal cells.
Since phospholipids have been observed to increase with the age of the culture (17) , it was of interest to observe the effect of lipid antibodies on the synthesis of phospholipids in stationaryphase cultures. Although there was a significant inhibition in the total phospholipids (Fig. 3a) in the immune serum-treated cells, the effect was not as marked as compared with exponentialphase cells. It was interesting to note that among the major phospholipids (Fig. 3b, c, and d) , mannophosphoinositides showed evidence of 60% inhibition. The individual mannoside components (Fig. 4) also showed a decreased rate of synthesis in mannoside antiserum-incubated cells.
Incorporation of [2-3H] myoinositol. The specific effect of mannoside antiserum on the biosynthesis of inositol-containing phospholipids was assessed by using [2-3H]myoinositol (Fig. 5) .
Incorporation of the label into the phospholipids, particularly mannophosphoinositides, of M. smegmatis increased continuously from 15 to 90 min in mannoside antiserum-and normal rabbit serum-incubated cells. However, after 90 min of incubation, mannoside antiserum-exposed cells exhibited 33% inhibition of incorporation as compared with normal serum-treated cells.
In view of the observed inhibition in the synthesis of phospholipids in M. smegmatis cells exposed to lipid antibodies, the overall effect of mannoside antiserum on the growth of mycobacteria was also examined (Fig. 6) . A suppression in the growth of the bacilli by immune serum was noted after mid-exponential phase. The inhibition in growth was also accompanied by loss of the acid-fast property of the cells, with no significant alteration in their morphology.
DISCUSSION
It is known that surface-binding agents regulate the division of animal cells by altering the composition of cell surface glycolipids (12, 23) . However, reports are not available pertaining to the effect of antibodies to lipid antigens on grampositive microorganisms. Since antibodies are large molecules that cannot penetrate the cell barrier, their effect is probably mediated by their interactions with the cell surface. A few studies have suggested the importance of bacterial cell metabolism in determining the outcome of bactericidal events (5) . Lipid synthesis may be equally affected under such conditions, and therefore a labeled precursor like 32p provides an intrinsic advantage for using radioactive tracer techniques to study the in vivo synthesis of macromolecules. The observed decrease in incorporation of 32p into total phospholipids, cardiolipin, phosphatidylethanolamine, and mannophosphoinositides of M. smegmatis cells in both phases of growth ( Fig. 1 and 3 ) when exposed to mannoside antibodies is probably due to a defect in membrane permeability for the uptake of phosphate. Similarly, the observed inhibition in the synthesis of mannophosphoinositides in M. smegmatis when exposed to im- mannoside antibodies with respective antigens (mannosides) which are cell surface glycophospholipids of mycobacteria and thus would be more accessible to antibodies present in the surrounding medium. These results are comparable to those for Mycoplasma pneumoniae, wherein antibodies to membrane glycolipids were reported to inhibit the metabolism of the organism (24) . Inhibition in the synthesis of dimannosides was more pronounced in the tetraacylated dimannoside as compared with the triacylated homolog. This varied effect can be explained on the basis of earlier studies, wherein the degree of penetration of bovine serum albumin into model membranes (25) as well as the adsorption of antiglycolipid antibodies to liposomes (1) were found to be influenced by the chain length of the phospholipid fatty acyl residues. The observed inhibition in the synthesis of hexamannosides in an immune serum environment could be due to the greater inhibitory effect exerted by mannoside antiserum on tetraacylated dimannoside, which has been shown to be a better precursor for the synthesis of hexamannosides (22) . The specificity of the interaction of lipid antibodies with receptors on M. smegmatis cells was revealed with [3H]myoinositol (Fig. 5) , wherein only mannoside synthesis was found to be affected. Recent reports (20) indicate that antibodies directed specifically against surface glycolipids inhibited cell growth and concomitantly alter the glycolipid composition.
In recent years, many macromolecules have These observations can be correlated with studies (12) which showed that surface-binding agents regulate lipid metabolism in animal cells.
It is reasonable to speculate that inhibition of the synthesis of phospholipids in M. smegmatis cells when exposed to the immune serum environment could be also due to various other serum factors, viz., phospholipases (7, 8) and immunoglobulins. However, it is not known whether circulating phospholipases play a role in immunologically mediated membrane damage as a result of turnover of phospholipids. There are several reports indicating that the bactericidal effects of serum on gram-negative bacteria are a result of the net hydrolysis of envelope phospholipids by phospholipases (15) . Thus, if there is a combined action of immunoglobulins (as surface-binding agents) and phospholipases (as phospholipid-hydrolyzing agents), the physical integrity of mycobacterial cell envelope could be disrupted. The growth inhibition of M. smegmatis in the presence of immune serum may be a consequence of altered lipid synthesis or bactericidal action of the sera as has been reported earlier with M. phlei (13) . From our studies, however, it is not possible to conclude which factor(s) is responsible for the inhibition of mycobacterial growth and lipid synthesis, and further studies are warranted. 
